The management of regeneration plays a vital role in sustainable forest practice by ensuring the future growing carbon stock and serving as an indicator of the forest condition of an area. In premises of the above-mentioned facts, the current study was conducted to investigate the population structure and regeneration status of woody species as an indicator for forest condition and to provide information on sustainable management of the woody plants in Chilimo-Gaji Forest. The data collection was done using a preferential sampling technique as a sampling design and a total of 36 plots with a size of 20 m × 20 m (400 m 2 ) was laid out for the woody species. In each sample plot, all woody species seedling, sapling and mature tree/shrubs were counted and recorded. And their diameter at breast height (DBH) was measured at 1.5 from the ground with DBH ≥ 2.5 cm. A total of 42 species of vascular plants belonging to 34 genera and 28 families were recorded and identified from the 36 study plots. The total density of woody plant species in all the 36 sampled plots of the study area was 3328.47 individuals ha-1 . The total density of seedlings, saplings and trees/shrubs were 1743.75, 827.08 and 757.64 ha-1 , respectively. The regeneration status of individual tree species showed differences as 26% had good regeneration, 43% had fair regeneration, 7% had poor regeneration, 7% lacked regeneration, and 17% have appeared as newly regenerating. The cumulative species DBH class distribution of the study area was inverted J-shape distribution indicating stable population status or good regeneration status.
INTRODUCTION
Natural resources are an integral part of society and natural ecosystems as an integral part of the renewable natural resources serving as a major sustainable development index for each country. Natural tropical forests are extremely important for the conservation of the world"s biological diversity. Forests play an important role in supporting the livelihood of people worldwide, predominantly in meeting the daily subsistence needs of the world"s poor (UNFF, 2007; Siraj et al., 2016) , served as refuges for human beings during wars and for other flora and fauna (MEA, 2005) , acting as carbon sinks (Aune et al., 2004) , contributing to soil and water conservation (FAO, 2014) as well as maintain soil quality. The Afromontane areas of eastern Africa, including the Ethiopian highlands are known exceptionally for their species richness, high concentrations of endemic species. However, these areas are under excessive human land-use pressure (Gebrehiwot and Hundera, 2014) . These Afromontane ecosystems are the most threatened ecosystems in the country due to conversion of natural forests to agricultural land and other uses, commercial logging and loss of biodiversity (Tesfaye et al., 2016) . The reduction of vegetation and environmental degradation has become issues of national and global concern in recent years. Losses of forest resources at an alarming rate have an implication regarding biodiversity, climate, environment and socioeconomic status of a country (Aliyi et al., 2015) .
Ethiopia is a country located in the Horn of Africa, characterized by greatly varying landscapes such as rugged mountains, river valleys, flat-topped plateau, deep gorges, and rolling plains. The country is also known for its tremendous wealth of natural resources and biological diversity, scattered over the highest altitudinal ranges from the peak of mountains to one of the lowest and hottest places on earth; however, it faces serious conservation challenges as the result of population increase and land use changes. Ethiopia is the second most populous African country next to Nigeria with the population growth rate among the highest in the world, currently estimated at 2.5% per year (World Bank, 2015) . This increase of population at an alarming rate has resulted in rapid and widespread conversion of forest habitats for human settlements, clearing for agriculture, charcoal and firewood harvesting (Bekele, 2011; Campbell, 1991; Buechley et al., 2015) , causing habitat fragmentation into smaller pieces of forest of patches. The process of forest fragmentation due to human activities that break large contiguous forested areas through logging or conversion of forests into agricultural areas and suburbanization (Forman, 1995) has been identified as the most important factor contributing to the decline and loss of species diversity worldwide (Bogaert et al., 2011; Noss and Cooperrider, 1994) . Forest destruction and fragmentation increase the vulnerability of forest tree community disturbances (Benitez and Malvido, 1998) , affecting regeneration of the forest.
Natural regeneration is a fundamental component of tropical forest ecosystem dynamics and is essential for conservation and maintenance of biological diversity (Rahman et al., 2011; Getachew et al., 2010; Dutta and Devi, 2013) as well as to identify plant species for conservation priority; whereas, population structure plays a significant role in determining the dominant status of tree species and development within the forest stand. Regeneration is a key process of building a forest by which trees and forests survive, substitute or restore (Tyagi et al., 2013) . Management of regeneration is an essential component of sustainable forest practice as it ensures the future growing stock (Level, 2010) . The knowledge of the floristic composition, regeneration, population structure of a plant community is a prerequisite to understand the overall structure and function of any ecosystem (Singh et al., 2016) , whereas understanding woody species diversity and socioeconomic factors causing devastation of natural forests ecosystem is crucial in the management of the remnant forest ecosystems (Yakob and Fekadu, 2016) . Therefore, it is important to study the floristic composition, population structure and regeneration potentials of different natural forest tree species in Chilimo-Gaji Forest to assess the trends of vegetation in the future. The future composition of forests depends on potential reproduction and recruitment as regeneration status of tree species within a forest stand in space and time (Eilu and Obua, 2005; Henle et al., 2004) .
The patterns of regeneration is important because it will ultimately determine the floristic composition of the remnant (Laurance et al., 1998) . The density value of seedling and saplings are considered as an indicator of regeneration potential of the species (Arya and Ram, 2011) in which the presence of good regeneration indicates the suitability of a species to the environment, which is in turn affected by climatic factors and biotic interference influence (Dhaulkhandi et al., 2008) . The successful regeneration of woody tree species is mainly dependent on a function of three major components: (i) their ability to initiate new seedlings, (ii) the survival ability of seedlings and saplings and (iii) the growth ability of seedlings and saplings (Good and Good, 1972) . The density, composition of species and regeneration drives the future of forest which is in need of replacement; and however faces several regeneration stressors including invasive alien species, insects and diseases, herbivory, lack of appropriate management and climate change (McWilliams et al., 2015) .
Uncontrolled encroachment and exploitation of natural resources has reduced the coverage of forests, the density and diversity of trees in the forest in Ethiopia leading to deforestation and degradation. Unlike homogeneous plantations, management of natural forests largely depends on successful natural regeneration of valuable species (Islam et al., 2016) , which occur when the trees establish and develop as part of the stand.
The forest management paradigm in Ethiopia has recently shifted from conventional management approach to community based participatory forest management under protected area management scheme. Successful management and conservation of natural forest requires reliable data on aspects such as the regeneration trends (Eilu and Obua, 2005) . Forest stand, where there are numerous young individuals and lesser mature ones, is recognized as having an inverse J-curve diameter distribution (Dyakov, 2013) . 
MATERIALS AND METHODS

Description of the study area
The present study was conducted in Chilimo-Gaji Forest which is among the few remnant patches of native dry Afromontane Forest in the country (Figure 1 ). The forest is located in the Dendi district, which is one of the districts endowed with different landscapes in Oromia Regional State, near to the small town of Ginchi. The study area geographical location is 38° 10' E, and 9°05 'N and with altitudinal ranges between 2170 to 3054 m a.s.l. The forest is a small enclave in the western section of the ridge that stretches from the capital westward to Gedo highlands (Soromessa and Kelbessa, 2013) . Chilimo-Gaji Forest consists of over 180 bird species, 21 mammal species commonly Menelik's bushbuck, vervet monkey, Colobus monkey, Anubis baboon and Leopard (Woldemariam, 1998) and other forest creatures are abundant.
Chilimo-Gaji Forest was designated as a national forest priority area in 1982 and is among Ethiopia's 58 national priority forest protected areas in order to minimize deforestation. Due to continuous deforestation, the Chilimo-Gaji Forest cover has declined from 22,000 ha in 1982 to 6000 ha in 1991 (Dugo, 2009) . Currently, the forest cover area is estimated at about 5,000 ha, owned by the Federal Government. Though the forest is owned by the state, it is currently divided into blocks and managed by the local forest user groups forming cooperatives under the participatory forest management arrangement schemes. This type of forest management in many regions is assumed to be acting to improve forest conditions and the livelihood of the forest user groups. Chilimo-Gaji Forest is the pioneer of participatory forest management site in Ethiopia, where the forest user groups managing the forest have formed a strong cooperative union. The forest is important to these local people for grazing, firewood, as source of water, and construction materials. Participatory forest management focuses on improving the livelihood and conserving natural forest systems through local participation and cooperation. Participatory forest management can deliver multiple outcomes such as carbon storage, livelihood benefits and biodiversity conservation (Agrawal and Angelsen, 2009) and can lead to sustainable use of forest resources.
Geology and soils
In the central plateau including Chilimo-Gaji Forest, basalt constitutes the main rock types that are chemically and mineralogically uniform in composition (Soromessa and Kelbessa, 2013) . The soils in Chilimo-Gaji Forest area are reddish brown, gravelly and shallow at higher altitudes, while at lower sites they tend to become dark-grey and deep; whereas soils in the surrounding low plains are vertisols, black soils with characteristic high clay content (Tesfaye et al., 2016) . The major soil types around Chilimo-Gaji Forest areas are various types of Vertisols, Luvisols and Cambisols dominated (Soromessa and Kelbessa, 2013) .
Vegetation
The Chilimo-Gaji Forest could be categorized in Afromontane undifferentiated forest type (Friis, 1992) . Chilimo-Gaji Forest is dominated and composed of mixed broad leaved coniferous forest and characterized by the dominant tree species of Juniperus procera, Podocarpus falcatus, Apodytes dimdiata, Prunus africana, Olea europaea L. subsp. cuspidata, Olinia rochetiana and Myrsine africana. The report from Soromessa and Kelbessa (2013) indicated that Chilimo-Gaji Forest is known with its diversity and endemism with a total of 213 different plant species. Those 213 plant species were grouped into 83 families, with the highest angiosperm (91%) 193 species, followed by pteridophytes (7%) 16 species, gymnosperms (2%) 4 species (represented by 2 exotic and 2 indigenous species); including 17 plant species that are unique to the Chilimo-Gaji Forest.
Vegetation sampling procedures
Reconnaissance survey
A field reconnaissance survey of the vegetation area was executed in the Chilimo-Gaji Forest at the beginning of December 2014 to get an overview and identify various tree stands.
Sampling design
Following a reconnaissance survey, actual sampling of vegetation was done focusing on homogeneity via preferential means. In order to develop population structure, the diameter of small and big trees DBH ≥ 2.5 cm at breast and height ≥ 1.5 m were measured using diameter tape. To understand regeneration status of tree species in the study area, all tree species were recorded. Altitude, longitude and latitudes of each plot were measured using GPS. A total of 36 sampling were established. A plot of size 20 m × 20 m (400 m 2 ) was used for trees and shrubs, and a 5 m × 5 m (25 m 2 ) for seedlings. The trees and shrubs were recorded and identified following the published volumes of Flora of Ethiopia and Eritrea and authenticated specimens. The nomenclature of the plant species names were made following the published volumes of Flora of Ethiopia and Eritrea. For the purpose our study, "seedlings", "saplings" and "mature trees/shrubs" were defined as plants with heights less than 1 m, 1 to 3 m and greater than 3 m, respectively.
Data analysis
Structural analysis
The vegetation data entry form was developed using Microsoft Excel application and subsequent analyses of the data were performed using the same application. Graphs were drawn using Excel spread sheets. All individuals of species recorded in all the 36 plots were used in the analysis of vegetation structure. Species structure (frequency, density, abundance, basal area, and importance value index (IVI) of tree species in the forest were analyzed. Importance value index (IVI) was calculated by summing up relative frequency (RF), relative density (RD) and relative dominance (RD). The DBH, basal area, tree density, frequency and important value index were used for description of vegetation structure.
Regeneration status of a given forest stand can be shown by computing the age (or size) structure of individual tree species. To describe population structure, individuals of recorded species were grouped into diameter classes at a given interval increments of DBH.
Basal area (BA)
The basal area of a tree stem is calculated from a tree diameter measurement (DBH) by assuming that the tree stem is perfectly circular with the base of the tree having same diameter as the stem at 1.5 m above ground (the height for DBH measurement). It is measured from DBH and its basal area was calculated as one of the chief characteristics to determine dominance. Therefore, relative dominance was determined as the relative value of basal area (BA) was calculated for all woody species as Where BA = basal area in m 2 ; π =3.14; DBH =diameter at breast height. Dominance Dominance (DO) was calculated as the sum of the basal areas (BA) of the individual woody species in m 2 per ha.
Relative Dominance: Basal area of a given species divided by the sum of the basal areas of all of the species × 100
Importance Value Index (IVI)
Where RD= Relative density; RDO= Relative dominance; RF= Relative frequency. Relative density (RD) is the number of individuals of a species divided by the total number of individuals of all species;
Relative frequency is the frequency of a given species expressed as a percentage of the sum of frequency values for all species present.
Regeneration status
The regeneration status of woody species was summarized based on the total count of seedlings and saplings of each species across all plots. The regeneration status of the forest was assessed using the following categories used by (Dhaulkhadi et al., 2008; Chauhan et al., 2008 ).
1. "Good regeneration, if seedling is greater than sapling and mature tree/adult (seedling density > sapling density > mature tree/adults; 2. "Fair" regeneration, if seedling > or ≤ sapling ≤ mature tree; 3. "Poor" regeneration, if a species survives only in the sapling stage, but has no seedlings (even though saplings may be <, >, or = mature); 4. "If a species is present only in an adult form, it is considered as not regenerating 5. "New", if a species has no mature, but only sapling and/ or seedling stages.
For the purpose of this study seedling, saplings and mature trees/ shrubs were defined as plants with heights less than 1 m, 1-3 m and greater than 3 m respectively.
RESULTS AND DISCUSSION
Floristic composition of woody species
A total of 42 species of vascular plants belonging to 34 genera and 28 families were recorded and identified from the 36 study plots in Chilimo-Gaji Forest. The dominant 8 families of plants were Rosaceae, representing (9.76%) 4 species in four genera, Oleaceae (9.76%) 4 species in two genera, two families Flacourtiaceae and Rutaceae each of them are represented by 2 species (4.88%) in two genera, whereas the 5 families Anacardiaceae, Asteraceae, Celasteraceae, Myrisinaceae, Rhamnaceae each of them were represented by (4.88 %) 2 species in one genera respectively. The other remaining 19 families of plants were each of them represented by one genera and one species.
Frequency
This is the number of plots in which a species recorded/total number of plots. Frequency (F) was the number of sample in which the species was encountered, whereas relative frequency (RF) was computed as the ratio of the number in which a species occurred and the total occurrences of all species in all. The frequency gives an approximate indication of the homogeneity and heterogeneity of a forest stand. O. rochetiana and J. procera are the two most frequent species each recorded in 86.11% of the total plots sampled followed by O. europaea L. subsp. cuspidata (83.33%), Bersama abyssinica (72.22%), M. africana (69.44%), P. falcatus (69.44%), Maytenus gracilipes (66.67%), Dovyalis abyssinica (55.56%) and Osyris quadripartita (55.56%).
Regeneration status of Chilimo-Gaji Forest
Density of tree/shrub, sapling and seedlings
Density is a count of the numbers of individuals of a species within the plots (Kent and Coker, 1992) . It refers to the total number of stem of a species ha -1 which was calculated by summing up all the stems across all sample plots (abundance) and translated to hectare base for all the species encountered in the study plots whereas, relative density is a proportion of density of a species with respect to total density of all species.
Composition and density of seedlings and saplings would indicate the regeneration status of forests. The regeneration status of 42 woody species occurring in the study plots of Chilimo-Gaji Forest was analyzed, computed and used. The total density of woody plant species in all the 36 sample plots of the study area was 3328.47 individuals ha , respectively as shown in (Figure 3 ), accounting for about 54.58% of the total sapling density (Table 1) .
Vegetation structure
According to Peters (1996) , population structure is the numerical distribution of individuals of differing size or age within a population of a given species at a given moment of time. It can also be defined as the distribution of individuals of each species within a population in arbitrarily defined diameter height classes (Adefires, 2007) . Population structure data have long been used by foresters and ecologists to investigate the regeneration profile of a species of a given population in the study plots (Woldemariam, 2003) . Plant population structure may be affected due to changes in recruitment of individuals at low DBH classes or exploitation of individual at DBH or throughout the class size structure (Rocky and Mligo, 2012) .
DBH distribution of Chilimo-Gaji Forest dry Afromontane Forest was classified into nine classes at an interval of 15 cm. The cumulative DBH class distribution of the woody species is given in Figure 2 . In this study, the cumulative DBH class distribution showed an inverted J-shape general pattern of normal population structure which could be considered as an indication of stable population status or good regeneration status where the (Derero et al., 2003) . As the DBH class size increases, the number of individuals gradually decrease beginning from 749 stems ha -1 in the first class down to 38 stems ha -1 in the last DBH class. However, the diameter class frequency distribution of some individual species is different from the cumulative DBH class distribution. Diameter class distribution of selected tree species demonstrated various patterns of population structure, implying different population dynamics among species (Didita et al., 2010) . The slight reduction in diameter classes of some species was due to a selective removal of small diameter class individuals either by local dwellers for some purpose (e.g. for fencing and fuel wood), or by livestock (trampling or browsing), or may be other biotic factors (Wale et al., 2012) , indicating selective harvesting of individuals in the particular size classes.
Basal area (BA) and important value index (IVI)
Tree species with highest dominance indices could be considered the most important species in the study vegetation. Total basal area for Chilimo-Gaji Forest dry Afromontane Forest was found to be 454.52m 2 ha -1
. In our study, basal area analysis across individual species revealed that very few species had high dominance. J. procera Hochst. ex Endl was the dominant species in the forest comprising 29.3% of the total basal area followed by P. falcatus (Thunb.) R.B. ex Mirb (26.23%) and O. europaea L. subsp. cuspidata (Wall. ex G.Don) c.f. (12.132%). These three woody species accounted for about 74.59% of the total basal area of the study area. This implies that these six species are the most ecologically important woody species in the study area.
Importance value index (IVI) was the summation of RDE + RFR + RDO and presented in percentage (Kent and Coker, 1992; Akwee et al., 2010) . Where RD is relative density, RDO is relative dominance and RF is relative frequency. The importance value index compares the ecological significance of species and indicates the importance of individual tree/shrub species in the systems. It is a composite index based on the relative measures of species frequency, density and dominance (Kent and Coker, 1992) . This index is used to determine the overall importance of each species in the community structure. IVI enables comparison of the ecological significance of species in a given forest type. Species with the highest importance value are dominant in the forest. The importance value index (IVI) of the most common and frequent trees of Chilimo-Gaji Forest was listed in Table 2 . The importance value index (IVI) of the most common and frequent trees of Chilimo-Gaji Forest was calculated and J. procera (46.58) was found to have the highest IVI ( Table 2 ). The 10 most important woody species with the highest IVIs were in decreasing order, J. procera Hochst. ex Endl., P. falcatus
quadripartita Decn and
Allophylus abyssinicus (Hochst.) Radlk., were the top ten species in their descending order of ecological importance. These contributed over 91.11% of the total IVI ( Table 2 ) and implies that these ten species are the most ecologically important woody species at ChilimoGaji Forest.
Regeneration status of woody species in ChilimoGaji Forest
The density values of seedling and saplings are considered as regeneration potential of the species (Robi, 2016) . The successful regeneration of a given forest requires the occurrence of a sufficient number of young trees, saplings and seedlings in population (Hanief et al., 2016) .
The total density of mature tree/shrub, sapling and seedling of the study plots was 757.64 (23%), 827.08 (25%) and 1743.75 (52%) individuals ha -1 respectively (Figure 3 ). Density ha −1 of the species showed that seedling > sapling > matured tree in Chilimo-Gaji Forest natural forest. Based on the criteria of Tiwari et al. (2010) , indicating the species is categorized under the species with good regeneration. The calculation of the ratio among the seedling, sapling and mature tree can provide information regarding the distribution of mature tree, sapling, seedling and the regeneration status of the species (Chauhan et al., 2008; Robi, 2016) . In line with this, the ration of seedling to sapling, seedling to mature tree and sapling to mature tree of the species was conducted and the result was 2.11:0.47, 2.30:0.43 and 1.09:0.92, respectively. These reveal that the distribution of seedling density is greater than both sapling and mature tree/shrub. The successful regeneration of a given forest requires the occurrence of a sufficient number of young trees, saplings and seedlings in population (Hanief et al., 2016) . Hence, in this study there is sufficient amount of seedling and sapling is availabile as a potential for regeneration and recruitment ( Figure 3 ). As far as the regeneration status of each species is concerned and based on the categories used by Dhaulkhadi et al. (2008) and Chauhan et al. (2008) ; out of the 42 wood species, eleven (26.19%) tree species achieved good regeneration, eighten (42.86%) species had fair regeneration, three (7.14%) had poor regeneration, three (7.4%) lacked regeneration, and seven (16.66%) were appearing as new species regenerating (Figure 4) .
Most of the species in the current study had shown differences in forest structure. In this study, the diameter class frequency distribution of selected species with high IVI had four different patterns. The first pattern of structure is reverse J-shape which is characteristic for many tropical forests (Richards, 1996) exemplified by P. africana and P. falcatus ( Figure 5) , with a successful regeneration (Poorter et al., 1996) . This pattern indicates the presence of highest density in the lower DBH classes with gradual decrease in density towards the bigger classes, which suggests good reproduction and recruitment (Derero et al., 2003; Lulekal et al., 2008) ( Figure 5 ). The second pattern is interrupted inverted J curve population. This pattern shows high frequency in the lower DBH classes followed by a gradual decrease and absence of representative individuals after the middle class. It suggests good reproduction but bad recruitment exemplified by M. Africana and B. abyssinica ( Figure 5 ). The third pattern is the irregularly interrupted DBH distributions that indicate poor regeneration and recruitment exemplified by Ekebergia capensis ( Figure  5 ), while the Fourth is depicted as Bell-shaped pattern which reflects discontinuous or irregular recruitment in which regeneration has been inhibited by vigorous growth of young cohort populations of the dominant canopy tree (Måren and Vetaas, 2007) .
Conclusion
In this study, floristic composition vegetation structure and regeneration patterns were determined for the woodland vegetation in Chilimo-Gaji Forest. Rosaceae was found to be the most dominant family followed by Oleaceae, Flacourtiaceae and Rutaceae. The results of this study is important in understanding the patterns of the vegetation structure and regeneration status of wood species in Chilimo-Gaji Forest, which is generously significant for the sustainable utilization, management and decision making for the future conservation of the forest. Abundance of seedlings and saplings are indicators of the establishment of young individuals. In this study, generally, the regeneration of wood species has shown that contribution of seedlings density was highest followed by saplings and adult trees, representing relatively a healthy regeneration of the species. This implies that the overall regeneration status of wood species in the study area has good reproduction and recruitment potential of the vegetation though dominated by few species.
The presence of good reproduction and recruitment for regeneration of species is an important effective strategy for restoration of the tropical secondary forest, which further helps to sustain the future natural forest ecosystem. However, woody species represented by "poor" or "no" regeneration of growth, survival, and reproduction potential at risk in future, needs systematic management plan for their conservation and sustainable Myrsine africana L. Ekebergia capensis Sparrm. Apodytes dimdiata E. Mey ex Arn. (Singh et al., 2016) and should be given priority in conservation, for example, Pittosporum viridflorum, Jasminum abyssinicum, Rhamnus staddo, Gnidia glauca, Rubus apetalus, Salix mucronata, and Schefflera abysinica. The forest management paradigm in Ethiopia has recently shifted from conventional management approach to community based forest management under protected area management scheme. As the result of the implementation of participatory forest management since 1996, in the current study area, has contributed for the successful regeneration of some wood species specifically the indigenous trees such as P. falcatus, M. africana, B. abyssinica and J. procera, indicating scaling up of the participatory forest management to other forests under restricted management to promote sustainable utilization and management of the forest resources.
